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Abstract Genetic analysis of mammalian free-ranging populations and endangered species 
utilizing molecular methods, such as protein electrophoresiss DNA RFLP and DNA se- 
quencing, has long been hampered by tissue-sampling problems. We established a 
non-invasive approach to help to overcome the problems. The genomic DNA of the Asiatic 
black bear was extracted from single hair shed on the ground using InstaGene Purification Ma- 
trix (Bio-rad) with a simple cell lysis step by boiling in the presence of the matrix. Our proto- 
cols allow simple, easy and fast DNA preparation by eliminating labor intensive phenol / chlo- 
roform extraction. Mitochondrial cytochrome b gene fragment was amplified from hair DNA us- 
ing PCR technique. Double stranded PCR product was directly sequenced by the dideoxy meth- 
od using heat denaturation. Our success on determination of mitochondrial cytochrome b gene 
sequence from hair could be considered as a first step in the population genetic study of the 
free-ranging Asiatic black bears. 
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The Asiatic black bear (Selenarctos thibetanus) is in the family Ursidae (Carnivora). 
It distributes in Afghanistan, Pakistan, Northern India, China, ~South—eastern PTi 一 
morsky Krai, Korea, Japan, and Indochina. The protected status of the Asiatic black 
bear is in the CITES Appendix I (Honacki et al., 1982). ` 
Investigation of genetic differences within and among the Asiatic black bear popula- 
tions across their range is necessary not only to help to understand speciation process of 
the species and the evolutionary relationships among populations, but also to gain bet- 
ter information of the extent of surviving genetic variation in the species, which can use- 
fully contribute to the development of habitat conservation plans. 
DNA sequences can provide abundant information on genetic structure of popula- 
tions (Nei, 1987; Avise, 1989). Rapid evolved mitochondrial DNA is a valuable mo- 
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lecule for investigating evolutionary relationships and genetic variations within and be- 
tween species (Wilson ef al., 1985; Zhang et al., 1992). Restriction enzyme analysis of 
mitochondrial DNAs from North American black bears, brown bears and polar bears re- 
vealed detail information on the genetic variability of these populations (Cronin et al., 
1991). Mitochondrial DNA control region sequence analysis on the European brown 
bears indicated a stop of gene flow between eastern European brown bears and the iso- 
lated populations in the western Europe (Taberlet et al., 1992; Dorozynski, 1994). 
Comparison of the mitochondrial DNA sequences of D-loop region, cytochrome b, 
12S rRNA, tRNA’, and tRNA!" genes resolved relationships among all seven bear 
species (Zhang et al., 1993, 1994). 

Protein electrophoresis is also a valuable tool for studying population genetics of 
mammalian species. The study of blood proteins and isozymes on 17 individuals of the 
Asiatic black bears from Yunnan Province of China revealed extensive polymorphism in 
the population (Su et al., 1994). 

In practice, however, problems of applying these molecular methods to natural 
populations remain. One of the big problems is to obtain tissue (e.g., blood, muscle, 
liver, heart) samples from free-ranging animals. 

To overcome this problem, we establish a non~invasive approach to obtain DNA 
from hairs for genetic analysis of free-ranging animals, such as the Asiatic black bear. 


1 Material and Methods 


1.1 Samples g 

The Asiatic black bear hairs shed on the ground were collected. The hair samples 
‚were stored in plastic bags at room temperature for seven to thirty days. 
1.2 DNA preparation l 

We used the InstaGene' Purification Matrix (Bio—rad) for hair DNA preparation. 
Our method was modified from the manufacturer’ s procedures for cultured mammalian 
cells: 

1) Cut one hair so that about 0.5 cm of the shaft remains with the root. Drop the 
hair pieces into a 0.5 ml microfuge tube. | 

2) Add 0.4 ml of sterile water, and wash by swirling. Centrifuge briefly to bring hair 
to the bottom or side of the tube, and remove water. 

3) Add 250 ul of InstaGene Purification Matrix, and incubate at 56C for 40-min- 
utes. | 

4) Vortex at high speed for 30 seconds. Place the tube in a 100C heat block or 
DNA thermal cycler for 10 minutes. ` | 

5) Vortex at high speed for 20 seconds. Centrifuge at 12 000 rpm for 2-3 minutes. 

6) Transfer the resulting supernatant to a 0.5 ml microfuge tube. Store the solution 
at -20C. Use 20 yl of the solution per 100 wl PCR reaction. 
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1.3 PCR amplification ` 

A primer pair L14841 + H15149 (Kocher et al., 1989; Irwin et al., 1991) was used, 
to amplify a 307 bp mitochondrial cytochrome b gene fragment. PCR amplifications were 
performed in a 100 xl reaction volume for 40 cycles using 2.5 units of Taq DNA 
~ polymerase (Perkin Elmer—Cetus) according to the manufacturer’ s instructions, with 


4 


- denaturation for 40 s at 95C, annealing for 1 min at 50C, and extension for 1 min at 
72T (Mullis et al., 1986; Mullis and Faloona, 1987). 
1.4 Gel purification of PCR product 

PCR reaction product was purified in 
2.0% low melting SeaPlaque agarose 

(FMC). The amplification product with 
length of 358 bp was cut out of the gel and 
melted in STE (0.1 M NaCl, 10 mM 
Tris-HCl, 1 mM EDTA, pH 8.0) at 70C 
for 15 min, then extracted once with 
phenol and once with chloroform. DNA 
was precipitated with 2.5 volumes ethanol 
at -20C for at least 2 hours and resuspend- 





ed in water. 


1.55 DNA sequencing Figure 1 PCR amplification of mitochondrial 


Double stranded DNA was directly se- cytochrome b gene fragment from hair DNA 
d bv the did thod (S g i DNA products were separated on a 2.0% agarose 
quence y e dideoxy metho anger e 


gel, stained with ethidium bromide, and visualized 
al, 1977) with Sequenase 2.0 (United by UV illumination. Lane 1 is PhiX 174 / Haelll 
States Biochemical) using heat dena- molecular weight marker. lanes 2-7 are products 
amplified from hair DNA. Lane 8 is a negative 


control. Lane 9 is a positive control by 
(1993). Both the PCR primers were used as using DNA from liver tissue. 


turation as described by Zhang et al. 
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sequencing primers. Products of sequencing 
. reactions were electrophoresed on a 6% polyacrylamide / 50% urea gel, dried and sub- 
jected to autoradiography. The sequence was read using an IBI PC / GENE gel reader 
and sequence—analysis software. 


, 2. Results and Discussion 


The genomic DNA of the Asiatic black bear was prepared from hairs using the pro- 
| edures described above. Mitochondrial cytochrome b gene fragment was amplified with 
primers L14841 + H15149 using hair DNA from different preparations. All the hair 
DNAs were successfully amplified, but the negative control was not (Figure 1). The 
lengths of all the amplified fragments in Figure 1 are about 360 bp as expected based on 
f the DNA molecular weight marker. It is interesting that the hair DNA amplifications 
E were almost as good as the positive control. Our results suggest that the quality of hair 
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DNA is reasonably good for PCR. 


10 20 30 40 50 — 60 

| | | | : | | 
TTTGGATCCCTCCTCGGAGTATGCCTAATCCTACAGATTCTGACAGGCCTATTTCTAGCT 
PheGlySerLeuLeuGlyValCysLeuI leLeuGlnI leLeuThrGlyLeuPheLeuaAla 


70 80 90 100 110 120 


| 1 | | | | 
ATACACTACACATCAGACGCGACTACAGCCTTTTCATCAGTCGCCCATATTTGCCGAGAC 
METHisTyz ThrSerAspAlaThrThrAlaPheSerSerValAlaHisIleCysArgAsp 


130 140 150 160 170 180 


| | | | | | 
GTCCATTACGGATGAATTATCCGATACATACATGCAAACGGAGCCTCCATGTTCTTCATC 
ValHisTyrGlyTrpIleI leArgTyrMETHisAlaAsnGlyAlaSerMETPhePheI le 


190 200 210 220 230 240 


| | | | | | 
TGCCTATTCATACACGTAGGACGGGGCTTGTATTATGGCTCATACCTACTCTCAGAAACA 
CysLeuPheMETHisValGlyArgGlyLeuTyrTyrGlySerTyrLeuLeuSerGluThr 


250 . 260 270 280 290 300 


| | | | | 
TGAAACATTGGCATCATCCTCCTATTTACAGTTATAGCCACCGCATTCATAGGATACGTC 
TrpAsnIleGlyIleIleLeuLeuPheThrValMETAlaThrAlaPheMETGlyTyrVal 


Figure 2 Sequences of the Asiatic black bear mitochondrial cytochrome b gene 
The predicted amino acid sequence of the cytochrome b protein is shown below in the three-letter 


amino acid code. 

To verify that the fragment amplified was from the Asiatic black bear, not from 
contamination, DNA sequence of the fragment was determined. The resulting DNA se- 
quence and the predicted amino acid sequence were presented in Figure 2. We compared 
this DNA sequence with those from Zhang el al. (1993), the result demonstrated that 
our sequence is a true Asiatic black bear mitochondrial cytochrome b gene sequence. The 
genetic information of the Asiatic black bear was obtained without disturbing the animal. 

Our protocols with InstaGene matrix allows simple, easy and fast DNA prepara- 
tion from hair by eliminating labor intensive phenol / chloroform extraction. The re- 
sulting DNA is suitable for genetic analysis with PCR technique. 

We found that DNA in InstaGene matrix solution was not as stable as in water. 
This indicated that InstaGene matrix might cause degeneracy of DNA, even though 
slowly. Therefore, we strongly suggest to separate DNA from InstaGene matrix after 
preparation as described in the step 6. 

Caution need to take to minimize contamination. Always handle hairs with gloves 
and use flamed forceps and scissors when cutting hairs. Use clean paper towels to cover 
the work area. Have negative control all the time. 

Up to now, most of population genetic studies on animals were using traditionally 
molecular methods, such as protein electrophoresis and mitochondrial DNA RFLP ana- 
lysis. Applying these methods to free-ranging populations and endangered populations 
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has long been hampered by tissue-sampling problems. To obtain enough DNA or pro- 
tein for these analytical procedures, animals have to be captured and bled, biopsied, ‘or 
even killed. Tissues then have to be processed, frozen or stored in sterile culture media, 
‘and shipped to the laboratory immediately.. This is often very difficult and, sometimes, 
is not possible, especially for endangered species. l 

With our approach, we can easily collect hairs shed without disturbing animals, 
and then perform genetic analysis by using rapid evolved mitochondrial DNA sequence 
or nuclear DNA sequence. Hairs can be stored at room temperature for reasonable long 
time. This could serve as a general approach to genetic analysis of free-ranging popula- 
tions and endangered populations. 

Mitochondrial cytochrome b gene sequence analysis has revealed considerable varia- 
tions in the brown bear populations (Zhang, unpublished). We expect that this gene is al- 
so a useful genetic marker for the Asiatic black bear populations. Our success on determi- 
nation of mitochondrial cytochrome b gene sequence from hair could be considered as a 
first step in the population genetic study of the free-ranging Asiatic black bears. 
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ABI OS ME EERE EEN RIS TRESNA 的 应 用 * 


Bi | 张 亚 平 
Pode ah SL en .( 中 国 科学 院 昆 明 动物 研究 所 细胞 与 分 子 进化 开放 研究 实验 宝 650223) 
= 3933D ， ; 
peal an RA ETO DEENA 
|。 制 。 因 为 传统 的 分 析 方法 ， 如 蛋白 质 电泳 、DNA 限制 性 片段 长 度 多 态 及 DNA 序列 分 析 等 ， 
; PHRF HM. WA, FR, OR, E A E S A e EHA E ZED EARM 
”DNA。 而 这 又 常常 涉及 捕捉 、 损 伤 甚至 杀 死 动物 。 本 工作 探索 建立 一 种 非 损 伤 性 的 途径 以 解 
决 这 一 困难 。 我 们 采用 Bio-Rad 公司 “InstaGene Purification Matrix” 从 遗 落 于 地 上 的 亚洲 黑 
“ 郁 单 根 毛 发 样品 中 提取 出 基因 组 DNA, 这 种 方法 简便 、 快 速 ， 仅 需 一 个 步骤 一 一 在 该 试剂 中 
> 100; 裂解 细胞 。 不 必 再 经 酚 和 氨 仿 抽 提 。 我 们 用 PCR 技术 从 这 种 毛发 DNA 中 扩 增 了 线 
p 粒 体 细胞 色素 基因 片 股 ， 并 测定 了 该 片段 的 DNA 序列 。 我 们 的 工作 为 开展 亚洲 时 能 及 其 他 
| 贱 乳 动物 野生 群体 的 分 子 遗 传 学 研究 黄 定 了 基础 。 

关键 词 ”亚洲 黑熊 ， 毛 发 ， 线 粒 体 DNA， 细 胞 色素 b 基因 
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